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LAMINATED PLASTICS AT HIGH AND LOW TEMPERATURES

By J. J. Lamb, Isabelle Albrecht, and B. M. Axilrod

SUMMARY )

The Izod-impact strengths and flexural properties of sev-
types of plastic laminates, which are either in use or
potential application in aireraft structures and parids,
determined at different temperatures in the range of

to 2000 . F,

The materials investigated were unsatnrated-polyester

laminates reinforced with glass fabric and phenolic laminates
reinforced with asbestos fabrie, high-strength paper, rayon
fabrie, and cotton fabriec. Both high-pressure and low-pressure

types of cotton~-fabric phenolic laminates were included.

The impsct strength of spscimens tested flatwise at 779 F

wvas 4 to 7 foot-pounds per inch of noteh for all the laminates
except the glass fabric and rayon fabric lasminates. These two
materials had impact strengths of 31 and 17 foot-pounds,
respectively, at 77° F. The high-strength-paper, rayon-fabric,
and asbestoe~fabric phenolic laminates showed small changes in
impact strength between -700 and 2000 F. Cotton~fabric pheno-
lic laminates showed pronounced decreases in inpact strength
at the low temperature and small changes between 779 and 200°

F.

The glass-fabric unsaturated-polyester laminates had in-
creased impact strengths at the low temperature.

The flexural strengths and modulil of elasticity of all

the materials increased with change in the test temperature
from 77° to -700 F, TUnder exposure to a 200° F temperature,
all materials excevt the asbestos-fabric laminate lost 30 to

40 percent of their flexural strength at 77° F and the moduli
of elasticity of all the materials, except the asbestos-fabriec
and one cotton-cloth phenolic laminate, decreased about 20 '

percent.
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Tests made at room temperature after heating the materi-
als at 2000 F for 24 hours indicate that prolonged heating
with consequent loss of moisture content and further cure of
the resin may offset the effect of high temperature alone. In
flexural tests made at 1500 F and S50 percent relative humidity
two laminates showed considerable loss in strength.

INTRODUCTION

A knowledge of the effect of temperature on the strength
Propertles of plastics is of considerable importance in ap-
plication of the materials for aircraft structural purposes.
Results obtained by various investigators {(references 1, 2,
and 3) on plastic materials indicate that considerable varia-
tion may be expected.

Oberg, Schwartz, and Shinn (reference 2) revorted varia-
tions of 10 to 30 percent in the tensile and flexural proper-
ties of grades C, L, and XX phenolic laminates for the range
~380 to 780 F. Data on resin-bonded plywood and compreg also
are included.

Norelli and Gard (reference 3) reported data for tensile,
compressive, and shear strengths and tensile modulil of elas-
ticity for various phenoli¢ laminates for temperatures rang-
ing from -670 F to as high as 3920 F in some instances. They
concluded that the percentage change in strength for
cellulose~-filled plastics 1gs greater than for the mineral-
filled plastics. T

Meyer and Erickson (reference 4) determined the mechani-
cal properties of high-strength paper-~base phenolic laminates
for temperatures from -69¢ to 2000 F. TFor this temperature
range they found large variations in tensile, compressive, and
flexural strengths and somewhat smaller variations in modulus
of elasticity. The strength and modulus-of-elasticity values
diminished with increasing temperature.

In recent investigations by the Naval Air Experimental
Station (reference 5) considerable data has been obtained at
77 and 1600 F on the mechanical properties of a variety of
Plastic laminates. The ultimate strength and modulus-of-
elasticity values were generally lower at the highker tempera-
ture but the percentage changes varied greatly for the
different materials.
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Izod-impact test data reported by Fuller (reference 6)
for grades L and XX phenolic laminates and for a glass-cotton-
fabric phenolic laminate indicate an increase in Izod-impact
strength with temperature for the cellulose-filled resin and
an opposlite trend for the glass-cotton-fabric laminate for the
range -67° to 158° F. Shinn (reference 7) found that the o o
Izod-impact strength of paper and cotton-fabric phenolie lami-
nates increased with temperature over the temperature range
-67°% to 158° F and a similar trend was observed for paper and
cotton-fabric allyl laminates between ~67° and 77° F,

The present investigation was undertaken to obtaln the
impact, flexural, tensile, and compressive strength properties
of representative laminates in the tempersture range -70° to
200° F. Since testing at these temperature conditions pre- _
sents many problems not met in testing at room temperature, a
major part of the proJject was concerned with the development
of apparatus and technigues. This report summarigzes the re-
sults of Izod-impact and flexural tests on the selected mate-
rials. Both flexural strength and flexural-modulus-of-
elasticity data were obtained in the flexural tests.

This investigation, conducted at the ¥National Bureau of
Standards, was sponsored by and couducted with the financial
assistance of the National Advisory Committee for Aeronautics.

The courtesy of the Army Air Porces, Bakelite Corporation,
Consolidated Water Power and Paper Company, Formica Insulation
Company, Plaskon Division of the Libbey-Owens-Ford Glass
Company, and the Synthane Corporation in furnishing materials
for use in this investigation is gratefully acknowledged. The
cooperation of E. J, Kaiser, R. W. Thiebeau, &, E. Brenner, )
and P. Pfaff of the National Bureau of Standards Instrument
Shop in the design and construction of the flexural apparatus
and the preparation of the test specimens also is appreciated.

MATERIALS

The materials gselected for testing included commercial
grades of high~ and low-pressure cotton-fabric phenolic lami-
nates, an asbestos~fabric grade AA phenolic laminate, a high-
strength-paper phenolic laminate, a rayon-fabric phenolice
laminate, two experimental phenolic laminates made with high
Pressure and low pressure, respectively, using the same grade
C cotton fabric as filler, and two glass-fabrio laminates
bonded with the same unsaturated polyester resin. The
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materials were supplied in nominal 1/8- and 1/2-inch thick-
nesses. A detailed description of the materials is contained

in table I.

DEFINITIONS

Irod~impact strength:

BEnergy to break the specimens divided by the dimension
along the notch of the specimen

Flexural properties for Yeam of rectangular cross section sub-
jected to a concantrated load P at midspan:

Extreme fiber stress (at midspan)!

PL
a=

[/2]

L}
e
o

where
P load
L span or distance between supports
b breadth of beam
a depth of beam
Flexural strength:

Pnl -

bd=

3

Sp = —

T2

where Py is maximum load and other quantities are as defined
previously

Flexural modulus of elasticity:

1® P
B =

-—

4brl3 x

wvhere x is the deflection at midspan and the other quantities
are as defined previously
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itial ulus o lasticit B3 1s obtained when the
initial slope of the load-deflection curve is used for P/x.

Secant modulus of elasticity for the stress range 0O to

S, 1is obtained from the above formula for E, using the
value of P; corresponding to S, and obtaining the corre-
sponding deflection =x, from the load-deflection curve.

Specific flexural strength:

Sp

(Szecific gravity)?
Specific modulus of elasticity:

E

3
(Specific gravity)

where the specific gravity 1s taken as equal numerically to
the density in grams per cubic centimeter. ’

Statistical terms:
Hean'value:
The arithmetic mean of a set of measurements
Standard error of the mean (usually called the "standard

error" if no other statisticz is referred to at the
same time):

r'la + rga + r32 + . . . + ria + L L] . + rne
S.EB, = :
n(n-1)

where

T3 the difference between the itD measurement and the mean
value

n the number of measurements
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Standard error for the difference of tvo means:

2 R
S.B.p = ,/QS.E.I) + (8.E,z)

where
S.E., standard error for first mean
5.B., standard error for second mean

Criterion for significant difference between two means
(as for example when comparing the mean of & group of
treated specimens with the mean of a similar group of
untreated specimens):

If the difference of the two means exceeds three
times S.E.D, the difference is considered signifi-
cant.

APPARATUS AND TEST PROCEDURE

The testing procedures outlined in Federal Specification
L-P-406a (reference 8) were followed as closely ce possible.
The specimens, however, were not polished with fine emery pa-
per after machining. The flexure specimens of one glass- i
filled laminate U2 were cut with a diamond abrasive saw.
The impact and flexure specimens of the other glass-filled
laminate AB2 were machined with c¢arFbide-tipped toola. Spec-
imens of all other materials were machined with high-speed
steel tools which gave a finish considered satisfactory.

Specimens tested at 7?° F and 50 percent relative humid-
ity were conditioned at lesst 98 hours prior to test. Svpseci-
mens tested at other temperatures were first conditioned the
same as the 77° F epecimens and then were Xept at the testing
temperature for 24 = 2 hours prior to test.

Impact Strength

The impact tests were made according to Method 1071 in
Federal Specification L-P-406a, using a Baldwin-Southwark
rendulum-type Izod-impact machine which had ranges of 2, 8,
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and 16 foot-pounds. The specimens were centered and the noteh
located properly with alinement Jigs.

The tests were made at temperatures of =729, 00, 779, and
200°F,., The relative humidity was controlled at 50 percent in
testing at 77° F and was not controlled at the other tempera-
tures. The tests at 0° and 77° F were made in rooms controlled
at these temperatures, For the -70° and 2000 F tests, the
impact machine was housed in an insulated cabinet shown in
figure 1. The air in the cabinet was circulated by a fan ex-
cept during the impact tests. Dry ice was used to cool the
alr; heating was done with electric heaters. Thke specimens
were kept in g conditioning cabinet at the test temperature
for about 20 hours and were then placed in the testing cabinet
2 to 4 hours prior to testing.

In testing conducted in the insulated cabinet the overa-
tor kept his hands, which were protected with woolen gloves,
inside the cabinet for periods of about 15 minutes at a time.
This is sufficient for testing about 5 to 10 specimens.

The materials in the 1/2-inch thickness were tested flat-
wise and edgewise for both the lengthwise and crosswise orien-
tations. Since the Izod-impact machine had a limited capacity
(16 ft-1b), the epecimens of the glass-Ffilled laminate tested
flatwise were made only 0.25 to 0,30 inch wide. Edgewise
tests were made on specimens of the 1/8-inch-thick sheets of
the materials for both lengthwise and crosswise orientations.

Flexural Properties

The flexural tests were made according to Method 1031 of
Federal Specification L-P-406a, using a 2400-pound-capasity
Baldwin-~Southwark hydraulic universal testing machine which
had ranges of 240, 1200, and 2400 pounds. This machine was
located in a room in which the atmosphere was controlled at
77° F and 50 percent relative humidity. Tests to obtain
flexural strength a2nd load-deflection graphs were made at
-?700, 770, and 2000 F, TFor the Iow- and hizh-~temperature tests
the specimen, the flexural jig, and the deflection indicator
were enclosed in a temperature-controlled cabinet equipped
with a blower. The arrangement of the flexural apparatus for
the low- and high-temperature tests is shown in figures 2 and
3. In figure 2 the insulated cabinet has beser removed to show
the pressure piece, flexural jig, and attachments.

The flexural jig is initially centered and alined relative
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toc the pressure piece in the following way. The alinement
plate (L) having parallel V-grooves is used to locate the
flexural jig relative to the pressure piece (F) after the

epan has been set appropriately. This is done with the con-
tact edge of the pressure pliece in the central V-groove in

(L) under a light load. The stand is clamped to the magnetic
chuck and *the latter is energized. As the right- and left-
hand sections of the calibrated screw (J) have right- and
left-hand threads, respectively, the flexural Jjig is now self-
centering. Subseguent changes in the span merely reguire

loosening the cap screws, setting the screw (J), and tighten-

ing the cap screws again.

The deflection of the specimen at the center of the span
relative to the supports is indicated by an equal-arm lever
(N) actuating a gage shown in figure 3. The gage, a i
Southwark—-Feters plastics extensometer, Type PS-6 or PS~7, 1is
attached to the aluminum alloy brackets (P) which have grooves
to locate the knife-edges of the gage. Load-deflection graphs
are obtained with this gage coupled toc the recorder on the
testing machine. The high-magnification gage, Model PS~6, has
a range of 0.23 1nch and the low-magnification gage, Mcdel
PS-7, a range of 1 inch,

In figure 3 the flexural apparatus is shown with a specl-
men in place and the front of the cablnet removed. Triple-
paned windowe in the front and side, armholes, and lights in-
side the cabinet facilitate the manipulation of the specimen
and egulpnent.

Little dAifficulty was encountered 1n the high-temperature
testing with this equipment. At low temperatures, frost on
the electrical contacts of the gage was washed off with ethyl
alcohol. Rusting of the flexural jig and gage upon removal
from the cabinet was avolded by immersing them in alecochol un-
t1il they attained room temperature. They were then disassem-—
bled and dried thoroughly and the flexural Jjig re-oiled.

The span of the flexural jig is adjustable from 1.6 to 9
inches and the screw is graduated to 0.002 inch, The combina-
tion of recording gage and lever 1s acourate to about 5 percent
in the measurement of deflections over 0.0l inch with the FS8-6
gage and to about 3 percent for deflections over 0.1 inch with
the PS5-7 gage. The percentage error diminishes as the deflec-
tion increases. Calibrations were made only at 77° F,

The flexural properties were determined only for the
0.5-inch-thick laminates. Rach material was tested four ways,
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flatwise and edgewise for specimens cut both lengthwise and
crosswise. At least five specimens were tested for each
material for all orientations. The only deviatlion from
Method 1031 of Federal Specification L-P-406a was the use of
a span-depth ratio of 8:1 instead of 16:1 1in order to con-
serve materials. Eowever, for comparative purposes flexure
tests were made also at 77° F with a span-depth ratio of
16:1.,

RESULTS AND DISCUSSION

Impact Strength

The data for Izod-impact strength of the various lamili-
nates at temperatures of -70°, 00, 77°, and 200° F are pre-
sented in table II. The wvariation in impact strength with
temperature is shown graphically in figures 4a and 4bd for
lengthwise specimens of the 0.5-inch-thick materials tested
flatwise. Figures 5 to 8 show the variatlon of impact
gstrength of paper, cotton-fabrie and rayon~cotton~fabric phe-~
nolic laminates with temperature for the various orlentatlions
of specimen and direction of load.

The Izod-impact strengths at 77° F for the phenolic and
glass-fabric laminates tested flatwise are approximately
as follows:

Izod-Impact Strength

Pype of Laminate (ft=10/1 P toh )

Grade C phenoliec, high-pressure

and low-pressure 4 -7
High~strength-paper phenolic 4
Asbestos~fabric phenolic 2 - 4%
Rayon-cotton~fabric phenolic 17

Glasg-fabrie unsaturated-
polyester 30

The paper and asbestos laminates showed less than 25
percent variation in impact strength over the range of temper-
ature and orlentations of specimen and loading investigated.
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The variation in impact strength was less than 10 percent for
the 0.5-inch-thick paper laminate tested flatwise.

The temperature-impact strength trend for high-strength
paper laminate agrees gquite well with Shinn's data (reference
7) for flatwise tests where a very slight increase in strength
with temverature was found for the range -67° to 158° F. Meyer
and Brickson (reference 4) reported that the impact strengths
for "Papreg" at the extremes of temperature were slightly less
than the normal temperature values, a trend found iIn this lab-
ocratory only for the O0.5-inch sheets tested edgewise. In
their impact tests at 158° and 200° P, Meyer and Brickson stated
(reference 4) that the specimen was "tested at room tempecra-
ture within 15 to 30 seconds after removal from the condition-
ing medium"; this test condition is believed to introduce some
uncertainty into the results. ’

All the cotton~fabric laminates exhibited a steady de-
crease in impact strength as the temperature was reduced from
77° to -70° F, For materials I2, L2, and V2, the impact
strength at -~70° F was between 55 and 65 percent of the 77° F
value for all orientations of specimen and directions of load
employed. The corresponding range for W2, high-pressure
grade O laminate, was 73 to 77 percent. Little change in im-
pact strength at 200° F compared to 77° P was observed for the
cotton-fabric laminates with the exception of the I2 mate-
rial. The latter laminate showed a steady increaszs in impact
strength with temperature up to 200 F, These results are in
good agreement with values reported for grade-C material by
Shinn (reference 7),who found that in flatwise tests impact
strengths at -67° and 158° F were 66 and 113 percent, respec-
tively, of the value at 77° F,

Directional properties were observed for the parallel-ply
laminates, IZ2 and X2. The asbestos~fabric material, K2,
for which the effect was greatest, exhibited an impact
strength in the crosswise direction less than half of the cor-
responding value in the lengthwise direction. o

The rayon and glass-fabric laminates had much higher
impact strengths than the other materials and also show 4dif-
ferent impact-strength versus temperature trends (figs. 4a and
4b). When tested edgewise, the rayon laminate in both the ~—
1/8- and 1/2-inch thicknesses showed a slight but steady de-
crease in impact strength as the temperature was varied from
-70° to 200° F. The glass-fabric laminate, AB2, shows a
constant trend toward higher impact strength at low
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temperatures. This agrees with data on glass-~fabric laminates
given by both Field (reference 1) and Fuller (reference 6).

The approximate values for the changes in Izod-impact
strength at -70° gnd 2000 F are as follows:

Change in
Izod-impact strength

Type of laminate 700 T 2000 T
(percent) _ (percent
Grade C phenolic, low-pressure ~40 0 to 5
Grade C phenolic, high-pressure -25 %0 -40 ~+10 to +35
Asbestos~fabric-phenoliec -15 -10
High~strength paper phenolic 0 to =230 +5 to =20
Raron~fabriec phenolic 0 to +35 0 to =10

Glass-fabric unsaturated-
polyester +45 -5 to -15

The impact strength for specimens struck edgewise was
lower than that of specimens of the same material tested flat-
wise. For a given orientation of specimens in the sheet, the
ratio of edgewise to the flatwise impact strength was very
nearly constant for a given material over the range of temper-
ature employed. These ratios are given in table III for the
data in table II. The mean value of this ratio was 0.5 to 0.6
for the cotton-fabric larinates, 0,2 for the pavper laminate,
0.8 for the asbestos-fabric laminate, and about 0.4 for the
rayon-fabric laminate. The data of Meyer and Erickson (refer-
ence 4) for cross-ply high-strength paper laminate give a
value of 0,19 for this ratio at the wvarious test temperatures.

In the tests at 200° F the materials may have lost some
moisture as compared to those tested at the lower temperatures
and may have undergone further cure as a result of the heating.
To obtain information relative to these effects, lzod-impact
specimens were tested at 7?70 F gfter being heated at 200° F
for 24 hours and cooled to room temperature for 1 to 2 hours
over calcium chloride in a desiccator. The results of these
tests are shown in table IV. The low-pressure cotton-fabric
materials, L2 and V2, were about 10 percent weaker and the
glass-fabric laminate about 10 percent stronger after the 2000 F
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heating. A decrease of 10 percent was noted for the rayon _ -
laminate, but this was not significant according to the sta- = =
tistical criterion. (See section on definitions.) WNo defi-

nite effect of the heating on the strength of the other -
materials was noted.

Flexural Properties

The results of the flexural tests of the laminates at
temperatures of «-70° to 200° F are shown in table V for an
8:i1 span-depth ratio. Values reported include flexural
strength, specific flexural strength, initial and secant
moduli of elasticity, and specific modulus of elasticity. The
percentage. changes in strength of the materials from the 770 F
values under exposure to the high and low temperatures are
also shown in table V. The variations with tempsrature of
flexural strength, specific flexural strength, initial flex- B
ural modulus of elasticity, and specific initial flexural
modulus of elasticity of the materials are shown in figures 9,
10, 11, and 12, respectively, for the lengthwise-flatwise o o
tests.

A typical load-deflection curve obtained at -70° F with
the recorder is shown in figure 13. Average curves of extreme
fiber stress versus deflection at midspan are shown in figure
14 for the different materials at 77° F. Similar stress-
deflection curves are shown in figures 15 through 23 for the _
nine laminates at -70°, 779, and 2000 F. Figures 24 and 25
represent the average stress~deflection curves for the four .
directions of testing at 77° F of the asbestos-fabric laminate
and the glass-fabric laminate., U2, respectively. Average
stress-deflection curves for specimens taken lengthwise,
crosswise, and on the diagonal from the rayon laminate, 22,
and the glass laminate, AB2, are shown in figures 26 and 27,
respectively, The experimental stress-deflection data were
adjusted for the thickness of the material by multiplying the
measured deflection at midspan by the ratio of standard thick- ——
ness to the actual thickness; the curves shown in figures 14 _
Fhrgugh 27 were calculated for a standard thickness of 0.50
inch.
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The flatwise flexural properties of some of the laminates
at 77° F were approximately as follows:

Initial
Flexural flexural
Type of laminsate ‘strength modulug of
elasticity
(103 psi) (10% psi)
Grade € phenolic,
low—-pressure 16 0.80
Grade C phenolic,
high-pressure 18 to 22 1.0 to 1.1
Asbestos-fabric phenolic 9(C) and 16(L) 1.0(C) and 1.2(L)
High-strength-paper phenolic 33 2.4
Rayon-cotton-fabric phenolic 34 - 1.6
Glass—-fabric unsaturated-
polyester 45(C) and 55(L) 2.5 to 2.9

(C) - Crosswise (L) - Lengthwise

The four cotton-fabric phenolic laminates, I2, L2, vz,
and W2, exhibit quite similar properties. For a given ma-
terial the properties were generally equal to within 15 per-
cent for the various orientations of gpecimen and load. The
flexural strength of these cotton-fabric laminates incresased
about 10 to 30 percent at -70° F and decreased very nearly
30 percent at 200° F, compared to the 77° ¥ wvalues. Correr
sponding changes for the initial modulus of elasticity were
increases of 40 to 80 percent at —-70°F and moderate decreases
up to about 25 percent at 200° F. The variations of secant
modulus values with temperature are greater than for the ini-
tial modulus of elasticity.

These results are in fair agreement with data for grade
C phenolic laminate given by Oberg, Schwartz and Shinn (ref-
erence 2),. They observed increases in flexural strength and
flexural modulus of elasticity of about 17 percent at -38° F
compared to values at 78° F and 40 percent relative humidity.

The asbestos~fabric laminate, X2, of parallel-ply con-
struction showed directional effects, especially in regard to
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the flexural strength, (See table V.) The variation of the
strength properties of thies material with temperature was less
than that of the cotton-fabric laminates and the trend is 4if-
ferent. Most of the change in flexural properties of the
asbestos-fabric laminate occurred between 77° and -70° F; the
flexural strength and initial modulus of elasticecity increased
roughly 20 and 35 percent, respectively, at -70° F. The aver-
age change in flexural properties at 200° P was not over 5
percent. The .stress~deflection curves for this material (fig.
lé)oindicate the similarity between the properties at 77° and
200~ F,

The flexural strength and initial flexural modulus of
elasticity of the paper phenolic laminate, 52, vearied with
temperature in a manner similar to the values for the cotion-
fabric laminates except that the initial modulus of elasticity
increased only 20 percent between 77° and -700 F. S

Meyer and Brickson (reference 4) reported that the flex-
ural strength and flexural modulus of elasticity for high-
strength-paper phenolic laminate decressed at elevated tem-
peratures and increased at subnormal temperatures. The mag-
nitudes of the changes which they recorded agree falrly well
with the data given in this report. Their material was quite
similar to that tested at this laboratory, being made with the
same reslin under approximately the same molding conditions and

with a similar type of paper. In tests at the Naval A¥r  ~ 7

Experimental Station (reference 5) on a vhenolic material lam-
inated with a spruce sulfite paper, probadbly of the high-
strength type, i1t was noted that the flexural strength and
flexural modulus of elasticity at 160° F were about a third
less than at 77° F. From a comparison of the data obtained

by various investigators it is concluded that, while the
flexure-property temperature trend is definite, the magnitudes
of the changes must be determined on each sample.

The two glass-fabric laminates, U2 and AB2, showed
the same trend in change of flexural strength and modulus of =
elasticity with temperature (figs. 9 and 11). The flexural
strength increased about one-third at -70° F and decreased
about one-third at 200° F. The flexural strengths of the two
materials 41d not .differ significantly. The AB2 1laminate
was superior to the U2 material in flexural modulus of elas-
ticity, having greater values at all temperatures and for all
directions of testing. The percentage decrease in modulus of
elasticity at 200° F was less for the AB2 than for the U2 =
laminate.
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FPor both glass-fabric laminates the stress-deflection di-
agramg were less curved than for any other materials tested.
In the lengthwise and crosswise directions the secant modulus
of elasticity for the range 0 to 25,000 psi showed a decrease
of less than 10 percent from the initial modulus of elasticity

at all the temperatures.

The approximate values for the changes in flexural
strength and flexural modulus of elasticity at -70° and 300° F
for the lengthwise and crosswise directions of the laminsates
investigated may be summarized as follows: '

Change in

o Chenge o initial flexural
Type of laminate éxura. streng nodulus of elasticlty
ye -709 2000 F ~-700 F 2000 F
(percent) {(percent) (percent) (percent)

Grade C phenolic 10 to 30 -30 40 to 80 -8 to -25
Asbestos~fabric

phenolic 20 ~5 35 0
High-strength-paper

phenolic 25 ~40 20 -18
Reyon-cotton~fabric

phenolic 30 -25 40 -30
Glass-fabric unsat-

urated~polyester 30 ~-30 to ~35 10 to 15 15 to =25

Four of the nine materials tested, the two glass-fabric
laminates, the asbestos-fabric laminste, and the grasde C lam-
inate, I2, were of parallel-ply construction. The most
pronounced difference in strength properties between specimens
taken from the principal directions of the sheet was observed
in the asbestos-fabric laminate, K2. Its crosswise impact
and flexural strengths were only half of those for the length-
wige direction. The lengthwise flexural properties of the two
gless-fabric laminates differ less than 15 percent from the
corresponding crosswise flexural properties. The differences
between the flexural properties for the lengthwise and cross-
wise directions for the grade O parallel-ply laminate, 1I2,
were small and were of the same order of magnitude as the cor-
responding difference for the three erogs-ply cotton-fabric .
laminates. The flexural properties of the AB2 glass-fabric
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and of the rayon-favric laminate are greatly reduced for the
45° girection. The flexural strength and initial flexural
modulus of elasticity values for the 45° direction for the
glasg~-fabric laminate are two-thirds and for the rayon-fabdbric
laminate are one-half of the average values for the two prin-
cipal directions.

When the density is considered in evaluating the flexural
properties of the materials, the cellulose~filled laminates,
with lower densities than the mineral-filled laminates, com-
pare more favorably with the latter materiazls and are superior
in some instances. This may Pe seen by comparing figures 9
and 10 or 11 and 12. The specific flexural strength values
are in the ratios of 18:17:16 for the reyon-~fabric, peper, and
glass-fabric laminates, respectivsly. The svecific initial
flerural modulus of elasticity values are in the ratios of
9:6:5 for the paper, rayon-fabric, gnd glass~-fadbric laminates.
These graphs also show that there is no difference in avecific
strength properties between the low-pressure and high-pressure
laminates, V2 and W2, made with the same grade C fabric.

Flexural tests were also made at 77° ¥ on specimens
heated at 2002 F for 24 hours to determine whether changes in
the strength properties occurred in the 200° F tests, Such
changes may be brought about by (a) additional cure of the
resin, (b) loss of moisture, (c) deterioration of the filler
if organic, or (d) a combination of these factors. The re-
sults of these tests and of tests on unheated specimens are
shown in table VI. The flexural strength values showed an
average decrease of about 8 to 13 percent for the cotton~-fabrie
and paper laminates. The changes in the flexural modull of
elasticity were small and not consistent except for ‘the low-
presgure material, L2, which exhibited increases of 10 per-
cent after heating. The glass-fabric laminate, U2, exhibited
average increases of 11 and 4 percent, respectively, in flex-
ural strength and modulil of elasticity on heating. The
asbestos-fabric laminate, K2, also exhibited higher flexural
properties after heating, the increases in flexural strength
ind moduli of elasticity b=ing about 7 and 12 percent, respec-

ively. .

It seems reasonable that the strength and modulus of
elasticity values of these organic plastics should diminish
with increase in temperature if no change in composition or
etructure takes place, If heating a laminate at 2002 F for
24 hours causes an increase in the strength properties due to
a change in composition or structure, then in the flexural
tests at 200° F (table V) the effects of prolonged heating and
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of an elevated test temperature may oppose one another. This
may explain the very small differences between the flexure
properties at 77° and 200° F (table V) for the asbestos-fabric
laminate which had increased flexural properties at 77° ¥ aft-
er heating (table VI). The effect of prolonged heating on
the flexural strength of laminates was investigated by
Hausmann, Parkinson, and Mains (reference 9). They found that
the flexural strength of grades C, X, and XXX phenolic lami-
nates at 90° C increased with the length of time the specimens
were at the test temperature. (See table I, reference 9.)

For the grade XXX laminate the flexurel strength values at

90° § after a month of heating were nearly equal to the 256° C
vglues on unheated specimens.

Flexurel strength tests were made on six laminates at
150° F and 90 percent relative humidity after 24 hours condi-
tioning at the test temperature, combining the effects of
elevated temperature and high relative humidity. The results
of these tests are given in table VIII together with corre-
sponding data from table V for the 77° and 200° F tests.

The deleterious effect of these extreme conditions was
most pronounced for the paper laminate, S, and the low-
pressure grade ¢ laminate, V2. The other four materials were
not so greatly affected by these conditions as they were by 24
hours at 200° F and & low relative humidity. The effect of
moisture content on the strength properties of high~strength-
paper laminate was studied by Brickson and Mackin (reference
10). They tested specimens from a series of panels condi-
tioned 100 days at 80° F at various relative humidities. They
found decreases in ultimate strength in tension, compression,
and flexure of 256 percent or more and decreases of about 35
percent in modulus of elasticity as the relative humidity was
varied from 30 percent to 97 percent, corresponding to mois-
ture contents ranging from 0.2 to 9.5 percent.

The above results and the results obtained in this labora-
tory indicate the necessity for studying the effect of relative
humidity as well as temperature on the strength properties of
laminates , especially those with cellulosic fillers.

The results of tests made at 772 F using span-depth ra-
tios of 16i1 and ‘8:1 are given in table VII, The flexural
strength obtained with a 16:1 span-depth ratio was slightly
less for ell matsrials, the decreases ranging from about 2
percent for the glass-fabriec laminate, UZ, to about 7 percent
for the cotton-fabric phenolic laminates. The initial flexural
modulus of elasticity values were usually a little greater for
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the tests with the larger span-depth ratio. The IZ2 material,
a high-pressure phenolic grade C laminate, showsd slgnificant
changes in both flexural strength and initial modulus of elas-
ticity with the change in span-depth ratio. Significant
changes in only one of the two properties occurred for the

rest of the materials listed in table VII.

CONGLUSIONS

1. The Izod-impact strength-temperature trend of the
laminated plastics is different for the wvarious types of mate-
rial. The glass-fabric laminates decreased steadily in impact
strength with increasing temperature, the value at 200° F be-
ing about 70 percent of the -70° value. The asbestos-fabric,
rayon-fabric, and high-strength-paper phenolics showed little
variation in impact strength between ~-709 and 2009 F., The
cotton-fabric phenolics exhibited increasing impact strength
with temperature, roughly doubling their impact strength be-
tween -700 and 200° F,

2., The Izod-impact strength values for the rayon-fabric
and the glass-fabrie laminates are much greater than for the
other materlals,

3. The ratio of edgewise to flatwise impact strength for
the 1/2-inch-thick phenolic laminates tested is nearly con-
stant over the range of temperatures, -70° to 200° F,

4. An increase in flexural properties gccurred for all
materials at low temperature, and at high temperature a de-
crease occurred for all materials except the asbestos-fabric
laminate, which showed no change.

5. The high-strength-paper and two glass-fabric laminates
are outstanding in flexural properties. When the materials
are compared on the basis of specific strength values, the
paper and rayon-fabric laminates are superior to the others.

6. The low-pressure grade-C phenolic laminate, V2, conm-
pared favorably in flexural strength properties with the high-
pressure laminate made with the same filler, especially when
the comparison was made 1n terms of specific strength propser-
ties.

7. The flexural properties of plastic laminates at high
temperature are not a function of temperature alons, but may
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be affected by further cure of the resin and loss of moisture
content.

8. The effect of high humidity in addition to an elevated
temperature may be much different from the effect of the ele-
vated temperature alone. A severe loss 1n strength was noted
for the high~strength-paper and one low-~pressure cotton-fabrie
phenolic laminate at 1509 F and 90 percent relative humidity.

National Bureau of Standards,
Washington, D, C,, December 29, 1945.
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Table III.- Ratio of Edgewise Impact Strength to Flatwise
Inpect Strength fr Leminated Plastice at
Various Temperatures.

Orientation Ratio at Test xemgerature of Mean Ratio,
Material Designation of Specimen | -70° ¥ |0 ¥ | 77° F | 200° 7 | A1l Temp.
Lengthwise 0.62 0.58 | 0.53 0.58 0.59
12, Grade C Phenolic Ororgwige 0.60 0.21 0.58 0.61
K2, Asbestos-Fabric Phenolic %gg%z::zge 8:;; ' g'gg 8:33 8:52 0.80
' Lengthwise | 0.57 0.56 | o.54 | o.54 0.55
L2, Low~Pressure
’ Cotton-Fabric Fhenolic Crosewise 0,56 0.58 | 0.52 0.55
Lengthwise 0.17 0.17 ] 0.20 0.16 0.18
52, High-Strength-Paper Grosewise | 0.17 | o0.1& | 0.21 | 0.1 |
rFOenot.Le <
V2, Low-Prespure Lengthwige 0.6 | 0.50 0.50 0.91
’ Grade C Phenolic Crogsgwise 0.51 0.53 0-56
' - ' Lengthwige | 0.51 0.47 | 048 | 0.%2 0.55
WE, Hgh-Pronsun . Grogswice | 0.63 | 0.57 | 0.61 | 0.80
Lengthwige 0.5 0.4 0.38 0.38 0.39
%2, Rayon-Cotton-Fabric Grosgwise o.ﬁ% 0.3% 0.3% | 0.30
Phenolie '
AB2, Glass Fabric Lengthwise 8'33 |
’ - Crosswise .
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TABLE IV,- EFFEQT OF HEATING AT 200°F FOR 24 HOURS OF 1ZOD-IMPAOT STRENGTHS
OF LAMINATED PLASTI(S

B
Irpaot Strength
. 0 Range of d Hange o
Orientation | Direction No Beating Machine Heated at 200°F Machine
Material Designation of Speoimen | of lLonmd |(ft-Ib/in.of notch) | (£4-1b) 1({ft-1b/in.of notch) | (£t-1b)
I2, Grade C Fhenolic Lengthwise | Platwise 2.06 + 0.4 8 .13 t 0.13 &
Orosewise Flatwise 03 * 0.05 8 .21 ¢+ 0,07 8
K2, Asbestos-Fabric Phenolic| Lengtimise |EdgeWise 3.84 * 0.03 8 3.86 ¢ 0,06 8
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Fhenolie Orosewise | Flatwige §.17 2 0.14 8 4.29 + 0.20 8
| V2, Low-Pressure Lengthwise |¥latwige 6.57 * 0,14 8 5.95 * 0.21 B
Grade C Fhenollc Crosewide |Flatwise 6. ez +0.13 8 5.55 + 0.10 g
W2, High~Pressure -
’ irade G Phenalic Grosewise Flatwige 5.27 % 0.37 8 b.93 * 0,12 8
Z2, Rayon-Cotton-Fabric i.engthnse Flatwise 17.6 *0.6 16 16.0 = 0.4 16
Phenolle Orosawise | Flatwise 17.% *o0.7 16 15.8 * 1.0 16
AB2, Glags-Fabric Length + 5 0. .5 & 0.
* Unseturated-Folyester engthwise | Flatwise 31.5 20.6 16 35.5 & 0.8 16

-

Te tosts wore made in Accordance with Method 1071, Federsl Bpeoifiocation
-40b6a.

Mean value for nine to twelve Bpecimens for all materials except glass-fabric
leminete AB2, for which 20 to 25 specimens wers tested. The mocompanylng
plus or minus value ia the stendard sxyox.

Specimens conditioned and tested at 77°F end 50% relative humidity.

Specimons tested at 77°F efter being allowed to cool to room tempersture
fox 1 to 2 hours Iin g deskécator contalning calclum chlorlde.
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1.18 2 0.03
w.‘. ] u..s
208 £ 08

2,66 t 0.00

L33 = 0.03

Ruagen of F-.-.w :

s £a o
0-20,000 Ec.m‘?m.n_a 16/
213 20.00 | 2.05 2 o.00

1.63 £ 0,02

1.9¢ & 0.02

1.85 £ 0,00

b
el i o
£.57  0.0L
1,20 £ 0.0

245 3 0,
245 2 0.

2,6), t 0,02

13.3
10.3
6

.5
10.9

P20T "OX AI VOVK

A. Tests mada ut 311 span-depth ratls.
Nethod 1031, Faderal Bperifiontisn

Tﬂnﬂfg‘ nf teating in apoordames with

e Nesn velua for five %0 tem specimans. The mocospanying plws e mimus tulws is the

standard arror, 8.R.
0. Ralative % 7I°F value.
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TABLE VI .~ EFFECT OF BEATINO AT 200° F FOR 24 HOURS OF FLEXURAL PROPIRTIES OF LANTNATED MATERTALS.2

-———m - JFlo ,,1 Modulus of rlasticlity
Orlantation [ Diraction (¥o GaatingD [Heated st pOG°TO |¥ -_8
Nat De. of 8 } o PeatingD |Heated at Wo J ’—'-E"M———rr——————?'
e 2dgnation -—-—LE’——-W dnon r—-!&j“ ad | {10710/3n%) | §;b in 03‘1‘\’ ,,,5()’ (1091b/31°) ngn/x:g) (1023711:5) H‘?fo 131:?2?0 i ?{Jﬁﬂ:ﬁ) H‘?{ggﬁ;ngoo) r
R o 0-10,000 1b/1n2
12, Greds C Phendllc rooswiss Flatwise |20.7 £ 0.3 14.8 & 0.2 1.0 :
Lengthise |Xogewise |21.2 20.2 |19.7 = 0.3 RISl Blioe pozcoo) 002
£2, Aebsetce-Fahrio Phenolio ' 0-7,500 1v/in?
» Aobaates- 7 crosswise |Flatwise | 8.9 20.2 | 9.6 201 0.99 * 0.0
9 2 0. 63 .99 + 0.00 | 1.11 + 0.00 }0.92 2 0.01 JOh 20,
Crosawise | Edgewiss 9.2 £ 0.1 9.9 : 0.2 0.97 £ 0,02 | 1.07 & 0.01 o.go £ 0.02 <1>.§.|9+ : 8_8:
0-14,00C 1b/3r¥
L2, Low-Pressure Croaswise | Fluwrize' | 16,1 # G.2 15.4 1 0.1 0.80 2 L.C1 0.86 2 0.C1 0,87 2 Lol C.72 » .0
Cotton-Zahric Phenclio croeswiea | Pdgewies 1 17,5 2 (.4 15.7 2 0.1 0.76 3 0.02 .88 1 0.02 G.84 2 0.01 0.72 2 L,01
o 0-15,000 1b/1in®
82, Hich-3tronzth-Paper Lengthwise | Flatwise g}.e to.b ] 27.2 2 0.6 2.52 » 0.0} 2.%3 r0.02 | 2.28 x 6.01] 2.23 : 0.01
Phonclic Crosswise | Edgewlse | 33.6 & 0.% | 30.b 2 0.1 2.71 2 0.06| 2.8%:0.05 | 2.60 & 0.06| 2.6% :o0.02
. 0-20,000 1b/1n? 0-25,000 1b/in?
TR, Glams-Pahric orosswise | Flatwies | B5.1 2 0.7 | 53.0 2 0.3 2.85 2 0.0 2.55 £ 0.0 [ 2.35 £ 0.02( 2.46:0.01 | 2.29 20.02 2.5 2 0.01
Unantura bed-Polyester Crowswise | Rdgowles | ¥8.6 £ 0.5 | 5l.3 205 2.43 + 0.08| 2.52 & 0.03 | 2,37 20.03] 2.6 20,03 | 2.3320.03 2.ke 2 0.03
0-10,000 1v/1n?
VR, Low-Preaurs . ngthwl Flatwl 6.7 ¢ 0. 4.7 2 0.2 10.82 2 0, .79 & 0. £ 0,01 + 0.01
Grads ¢ Phemolio B eeise | Flatwiss | 16.; i ko SEiog ot 0.0 8.'55 x ool o R
Langthwise | Xdgewise 16.; 10,1 | 1%.7:0.1 0,79 0.01] O.78 £ 0.0 | 0.58 : 0,00 "~ 0.56 2 0.0
Crosswies | Tdzewiss| 16.5 2 0.2 | 1452 0.5 ‘0,79 :0,01] o.7% 2 0. 0.b0 & 0.01] 0.59 & 0.01
’ . : ' 0-10,000 1b/1n? 0-15,000 W/1n?
2, gish-méo;gren o Longthwise | Flatwiss| 18.3 s 0B | "16.9 2 O.B 0.96 ¢ 0.02] 0.89 20,02 | 0.76 £ 0.02] 0.76 £ 0.03 | 0.58 2 0.02{ 0.57 £ 0.03
. rads nellie - Orosswise | Flatwiss| 183 :o0.2| 17.2 2 0.2 0.99 £ 0.02| 0.91 & 0.0 0.79 ¢ 0.02] 0.79 2 0.0 0.59 0.0 0.59 2 0.0
. Lengthwise |' Rdgowime | 17.9 t 0.1 | 16.52 0.2 1 1.33 : 0,03 0.91: o.oz 0,78 £ 0,02 o.;?s s 0. 0. 3 $.0.0 o.sg : o.-o;
. Crosswles | Ydgewime| 18,0 : 0.1 | 16.3 : 0.2 1.03 : 0.02| 0.0% : 0,02 | 0.81 £0.02] O.81 0. 0.61 : 0.02] o0.80 :0.02
. R . ' ; 0-15,000 1v/1n? 020,000 1b/1n®
22, Rayon-fokton-Fabrie Lengthwiss | Flatwies| 3.5 2 0.5(: 31.0 2 0k 1.58 £ 0.02 | 1.71:20.001 [ 1.b2 2 0. .56 = 5 0. .
0 hanoLie i Crosewins |' Flatwise| 32.7 : 0.5 ] 30.8 2 0.7 IR0 vhioe |1t SRl 1% 8'.83“ 18 38'_8‘5 ilgs B 8183“
o .- . ' 0-20,00Q 1b/1n? 0-25,000 0/1a®
‘AB2, Glaes-Sabrio ! Lengthwisa|l Flatwioe | 53.2 2 0.1 .8 2 0. 2,56 £ 0.01 | 2.91 & 0.04 ' . ; .
ARy e eserabod-Polyestar : 5 -1 | 5T [ § 0 250 2 q.?s 2.60 2 0,02 [ 2.77 2 0.08| 277 2 0.0

a,

tests wors made in accordanos with Methed 1031, Federal Speoificetion 1-P-knbe, using

on 5:1 span-depth ratio.

Each velue in the table rspresents the nean for five sneclmens.

Dats from table _V' ; epsoimens ocnditioned and gested at T7°F eud 50% relative humidity.

Bpecimens teatsd at 77°F artsr being allowed to cool to room temperature 2or 1 to 2 hours

1n ¢ desicoator containing omloium ohloride. :

%S0T oK HlI vovy
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PABLE VIT.- EFFEOT OT BPAN-TEPTH RATIO OF FLEXNHAL PROPERYTYS OF LOMTIUTXD PLASYICES
s of Flastlolt
Tiexural Sereagth ol Nodulce of miufﬁ an o olty
at A ! r i 5 ot
on| Dirention 1 B 1 ? H
Matagdal Deslgnabion of Bpood of tosd | (10310/1n2)| (1031%/1nR) | {10500/108) | (20510/1a2 (w&é@ gﬁ:ﬁ {10610/1n8) | (10b10/158)
0-10,000 1b/1n?
Phenolls langt twin 0. .06 2 0,02 {1.2% £ 0.02 1.07 1 0.0 1.10 > 0.
T, Grade © e | Tarmne | Briod [ Biion |EFio|nE: 6.3 SR A e
Longthwisa | Edyswiss | 2L.p 3 0.0 | 15.8 ¢ 0F |13 °'8£ 1.30 £ o, 109 2 0.02 109 ¥ 0,02
Orosswiee | Rapewiss | ik 3 0% | 13.5 £ 0.1 | 1011 ¢ 0.08 |1.31 £ ovok Liok £ 0.07 1007 & 0.03
L‘ ' 0+5,000 1b/1n® 0-7,500 Ib/1c?
-Pabeis Longibmis '16,3 1 O. 1.80 = 0,08 1.20  0.02
" Ty trosees, | Flavies Ig.é iof 038 ¢ 0.1 o £ 0. @L
xdgeni + . . X 0.
Groceeise. | Edmamise 1g:k iol 9.0 2 0.1 0.9; % 0.08 [ 1.06 ¢ 0.02 0.9; $0.02|2.02 £ 0,02 (0,90 £ 0.02 0.92 £ 0.
0-10,000 1b/1n?
» ' bl Fletwise .4 & 0.2 0.80 & 0,01 0,67 $0.01
et ionPibto sanolts  |Grodewiss Taivise | 181 : 0 0,80 : 0.1 . 7 $0.01
ok o et Tdgewise %E 1o | 16.5 2 0.2 0}2 % 0,08 | 0.87 + 0,01 0.6% 2 0,01 o.sbfl:zo.lm
' 020,000 1b/
gh-Strangth-Papas 220, & 202 |gb421o0.08]2.54 5 0.02 £.10  0.01 [ 2.15 £ 0.¢ .
! mmsh-s“ " m:ﬁ:: u’“.':&:: g : SE 5’%.4 : g. g. 2 0,02 | 2,52 £ 0.0 £.05 : 0,01 | 8,1% : 0.
o el Fdgawine \5 = 0. Ei0k |EBioa|agio £.31 = 0,00 [ 2.17 £ 0.0@
Orocswise | Eagewise 2 3 ok ;i.u *o.5 |elt oot e.?.l £ 0.03 2,35 3 0.05 | 2.12 & 0.0h
0-20,000 1b/1n? 0-P5,000 1b/1n®
Fahry Lengt .7 2 59 & 0,08 ]| 2.82 1 0. 2.57 £ 0.02 | B.70 & 0,05 |B.52 2 0,02 [B.63 & O.0%
[® Satterated il [y ?5? ol I 5.33 s oon | g & ooh S o2 640 i o [e09 & oce 2.3 1 0.1
mﬁuuted— c:mnum"m Rigewiss 8 :o0. Bie 2.70 * 0.03 | £.50 * 0,08 2.7 3 0.03 | 8.9 1 0.02 |2.63 + 0.0h |2.52 & 0.01
we . Crocewise | Bigewiss 2ie %Z: ] eiﬁ s o:g; £.57 1 0,02 2,37 ¢ o.3§ e.ko s 0.02 |2.33 & 0.03 |£.32 & 0.02
0-10,000 1b/102
Presaure T . . .1 | o.ee & 0.0L{0.8% :0.00 0.58 = 0,01 | 0.56 ¢ 0.01
s Cade o Poano1to b ® | Fiarrine ;’g' 102 38330% |0eaz008|0me: o 0.E9 = 0.02 | 0.E5 * .08
ml.nn;tm.n Tigewl RETH 210.2 |0.79 t c.ol 0.8 & 008 0.58 % 0.02 | 0.5¢ & 0,01
' ool Xdgewine }.‘EI T0E| 88100 olg 0.0l |0.80 £ 0.01 0.8 ¢ 0,01 | 0.8k £ 0.1 .
' 010,000 1b/1n€ 0-15,000 ' 1b/4c?
. .78 £ 0.0% |0.58 : 0.02 |0.58 2 0.0k
2, High-Frassmre Langitwise | Pletwise | 18.3 ro.% | 17.1 £ 0.2 | 0,96 2 0,02|1.02 & 0.03 0.76 ¢ 0.02|0.78 ¢ : 210
' Grade 0 Phemolis u&s:nu. Flatwine %g.s : g.g Ez.h s g.i ggg 2 g.oe ll.g E,g.g g.zg ¢ g.g g.;g : g.g g. : g:gi 0.55 2 0.06
ngthwise | Rdgewiss 9 : 0. g 0. B, .1 o, 48 & o g6 £ 0u0h f0.59 = O,
brosavise Rdgowles | 18.0.3 0.1 2t 1.03 £-0.02] 1.00 = O, 0.41 & 0.02 o;: -!o. 0.51 1 0.0
015,000 1b/in
Bayon- B-Yab: R 0 20, 1.98 2 0.02{1.76 2.0, 1,%2 £ 0,03 [1.5% 2 0.0
ze..nm ok Fe Ceteiee Eﬂ-‘i:: ;: : iagl #8 xg.‘ 1.% 0. 1.Z‘ 2,0.3% 1028 + 0108 | 1.80 * ook
110 l:l:li;.:o Xgawiae ;{E *0.5| 5.9 ¢ o.z 1.;; 2 0.03 ié $0.08 %g : 003 ilg 10,0
» | Digawise 7 %o, 1 rok |1.50 2 o0l | 1048 2o, 7 o0l |1.21 2
0-15,000 1b/1a°
' Lengtbwise | Matwiss 2201 | %21 2 0.5 |2.88 2.0,00 |3.1% 2 0,08 2.80 * 0,02 |2.97 t 0.0
e "”E"hc:ﬁ':: e g'g dpe 9t : 28 1o ; Wao0h (56110 |2 - t o.o3
[] as 420, . 0. 2 0. . . 0. »
Polyoster Grosssise’ |Eagewine | 535 2009 | %7 2.82 1 0,08 Al i
" n. Spsolmens wezs oonditianed and vested t 77T and relakive Eumidi vy
in asoordancs with Metvbhod 1031, Federal Specifiossion L-P- . Iaohb

r
valos in Yhe table representa ‘h' BeAR for fivYe t0 ten spadimans.

socowpMEYing plus or mimm value 1s the mtandard arror.

The
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NACA TN No. 1054

TABLE VIII.~ FLEXURAL
TEMFERATURES AND

STRENGTH OF LAMTINATES AT VARTIOUS
RELATIVE HUMIDITT

30

Flexural Strength

7F 150°F 200°F al
_ 50% ReHe 90% R.H.® << 6% ReHe
Materlal Designation 051b/1n ) (1051b/1n2 g;oslb/inZ)

I2, Grade C Phenolic 22,2 % 0.3 19.8 % 0.2 14.5 % Ol.1

S2, High-Strength-Paper 33.2 * 0.4 13.2 % 0.6 19.4 % 0.2
Phenolie .

V2, Low=Pressure 167 £ 0.3 7.0 ¥ 0.1 11.4 ¥ 0.2
Grade C Phenolile

W2, High-Pressure 18.3 % 0.4 15.4 ¥ 0.3 13.3 £ 0.2
Grade C Phenolic

zz2, Ra‘yon—Co‘bton-Fabric 34.4 % 0,5 26.0 ¥ 0.3 25.8 ¥ 0.5
Phenolic

AB2, Glass-Fabrie 53.2 * 0.1 34,7 ¥ 0.4 % 0.8

Unsaturated~Polyester

33.8

a. Lengthwise specimens tested flatwise.

Tests were made in accordance wlth Method

1031, Federal Speclification L-P-406a,

using an 8:1 span-depth ratioe.
in the table represents the mean for five

specimens.

be Data from table V;

Each value

and tested at 77°F and 50% relative

humidity.

specimens conditloned

ce Specimens tested at 150°F and 90% relative
humidity after 24 hours at the test

conditions.

de Data from table V; specimens tested at
200°F and less than 6% relative

humlidlity after 24 hours at the test

conditlonse.
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' Figure 1,- Izod impact machine in insulated cabinet
with front panel removed.
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Figure 3.- Adjustable-span flexural jig ueed for high—
and low-temperature testing.
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Figure 3,- Flexural apparatue - in insulated cabinet with front panel removed;

a snecimen is in place.



NACA TN No. 1054 Fig. 4e

IZ0D IMPACT STRENGTH, FT-LB/IN. OF NOTCH

TYPE OF LAMINATE
GRADE C PHENOLIC

]
K  ASBESTOS-FABRIC PHENOLIC
L LOW-PRESSURE COTTON-FABRIC PHENOLIC
S HIGH-STRENGTH-PAPER PHENOLIC
vV  LOW-PRESSURE GRADE C PHENOLIC
W  HIGH-PRESSURE GRADE C PHENOLIC
Z RAYON-COTTON-FABRIC PHENOLIC

40 AB GLASS~FABRIC UNSATURATED-POLYESTER

AB

> \

20 . -

10

o =70 o 71 200

TEMPERATURE, °F

Fig&r'e 4a .- Variation of Izod impact strength with
temperature for 1/3-inch-thick laminates

Lengthwise specimens tested flatwise. :



NACA TN No. 1054 Fig. 4b

70

v /
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3.0 /
' TYPE OF LAMINATE

GRADE C PHENOLIC

IZOD IMPACT STRENGTH, FT-LB/IN. OF NOTCH

I

K ASBESTOS-FABRIC PHENOLIC
o L LOW-PRESSURE COTTON-FABRIC PHENOLIC |

2 S  HIGH-STRENGTH-PAPER PHENOLIC
V  LOW-PRESSURE GRADE C PHENOLIC
W  HIGH-PRESSURE GRADE C PHENOLIC

) 19

R 1 1 | |

-70 [+]

77 200

TEMPERATURE, °F

Figure 4b.- Variation of Izod impa¢t strength with
temperature for 1/2-inch-thick laminates.
Lengthwise specimens tested flatwiss. ' '
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SiCc W__________;;
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ZDO-—
81 = SHEET 1/8-INCH THIOK
82 = SHEET 1/8-INCH THICK
LF = LENGTH®¥ISE SPECIMENS TESTED FLATWIBE
00— LY = LENGTEWISE SPECIMENS TESTED EDGEWISE

CF = QROSSWISE SPECIMENS TESTED FLATWISE
CE = QROSSWISE SPECIMENS TESTED EDGEWISE

-70 0 77 200
TEMPERATURE, °F

Figure 5.- Variation of Izod impact strength with temperature for
high-strength-paper phenolic laminate,
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NACA TN No. 1054 Fig. 6

v - — - . D e —

1ZOD IMPACT STRENGTH, FT-LB/IN, OFa NOTCH

V1l = SHEEET 1/8 INCH THIOCK
V2 = SHEET 1/2-INOH THICK
LF = LENGTHWISE SPECIMENS TESTED FLATWISE
LE = LENGTHWISE SPECIMENS TESTED EDGEWISE — |
OF = CROSSWISE SPEQIMENS TESTED FLATWISE
CE = CROSSWISE SPECIMENS TESTED EDGEWISE
| | l ]
0 -70 ) 77 200

TEMPERATURE, °F

Figure 6.- Variation of Izod impact strength with

-~ temperature for low-pressure grade C cotton-
fabric phenolic laminate. Mean value * etandard error
is indicated by § or X. :
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W1l = SHERT 1/8-INCH THICK
W2 = SHEET 1/3-INCH THICK
1.0 LFP = LENGTHWISE SPECIMENS TESTED FLATWISE —
LE = LENGTHWISE SPECIMENS TESTED EDGEWISE
CF = CROSSWISE SPECIMENE TESTED FLATWISE
CE = OROSSWISE SPECIMENS TESTED EDGEVISE
. IR | L [
-70 . . ] 77 200

TEMPERATURE, °F

Figure 7.- Variation of Izod impact strength with
temperature for high-pressure grade C cotton-

fabric phenolic laminate. Mean value = standard error

is indicated by ¢ or X.
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Fig. 8
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IZOD IMPACT STRENGTH, FT-LB/IN. OF NOTCH
o
o

Z1
z2
LF
LE
CF
CE

SHEET 4/8-INCH THICK

SHEET ¥/2-INCH THICK

LENGTHWISE SPECIMENS TESTED FLATWISE
LENGTHWISE SPECIMENS TESTED EDGEWISE
CROSSWISE SPECIMENS TESTED FLATWISE

CROSSWISE SPECIMENS TESTED EDGEWISE

77 ' ' 200

TEMPERATURE, °F

Figure 8.- Variation of Izod impact strength with
temperature for rayon-cotton-~-fabric
paenolic laminate.
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FLEXURAL STRENGTH,

70

60
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(o]

TYPE OF LAMINATE

GRADE C PHENOLIC

ASBESTOS-FABRIC PHENOLIC
LOW=-PRESSURE COTTON-FABRIC PHENOLIC
HIGH-STRENGTH-PAPER PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER

0wrx-—

(o

LOW-PRESSURE GRADE C PHENOLIC
HIGH-PRESSURE GRADE C PHENOLIC
RAYON-COTTON-FABRIC PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER

/

/

/

/!

-70 77 200

TEMPERATURE, °F

Figure 9.~ Variation of flexural strength with temperature
_ for 1/3-inch thick laminates. Lengthwise
specirens tested flatwise. Span-depth ratio 8:1.
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SPECIFIC FLEXURAL STRENGTH, X515 N

|
|

Emi<cm;-:_

TYPE OF LAMINATE

GRADE C PHENOLIC .
ASBESTOS-FABRIC PHENQLIC
LOW-PRESSURE COTTON-FABRIC PHENOLIC

HIGH-STRENGTH - PAPER PHENOLIC

GLASS-FABRIC UNSATURATED-POLYESTER |

LOW~-PRESSURE GRADE C PHENOLIC
HIGH-PRESSURE GRADE C PHENOLIC
RAYON-COTTON-FABRIC PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER

[T}

-70°F 77°F-
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Figure 10.- Comparison of specific flexural strength of 1/R-inch-thick .
laminates at three temperatures. Lengthwise specimens ]
tested flatwise. Span-depth ratio 8:3l.
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Figure 14.- Flexural stress~deflection curves for 1/3-
inch-thick laminates at 77°F. Lengthwise
speclimens tested flatwise. Span-dgpth ratio 8:1.
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Figure 15.- Flexural stress-deflection curves for grade
C cotton~fabric phenolic laminate, I3.
Lengthwise specimens tested flatwise. Span-depth ratio 8:1.
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- Figure 16.- Flexural stress-deflection curves for grade
AA asbestos-fabric phenolic laminate, X23.
Lengthwise specimens tested flatwiese. Span-deptL ratio 8:1.
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Figure 18.- Flexural stress-deflection curves for high-
strength-paper phenolic laminate, S3.
Lengthwise specimens tested flatwise. Span-depth ratio 8:1.
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Pigure 19.- Flexural stress-deflection curves for glass-

fabric laminate bonded with unsaturated
polyester resin, U3. Lengthwise specimens tested flatwise
Svan-depth ratio 8:1.
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Figure 2l.- Flexural stress-deflection curves for high-
pressure grade C cotton-fabric phenolice

laminate, W2. Lengthwise specimen tested flatwise, Span-
depth ratio 8:1. '
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Figure "23.- Flexural stress-deflection curves for rayon-

cotton-fabric phenolic laminate, Z2.

Lengthwise specimens tested f{latwlse at three tempertures
Span-~depth ratio 8:1.
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Figure 23.- Flexural stress-deflection curves for glass~
fabric laminate, AB3. Lengthwise specimens
tested flatwise. Span-depth ratio 8:1.
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Figure c4.- Flexural stress-deflection curves for asbestos-fabric
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Figure 35.- Flexural stress-deflesction curves for glass-—fa.bric
laminate bonded with unsaturated polyester resin, U2,
at 77°F. Bpan-depth ratio 8:1.
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Figure 26.- Flexural stress-deflsction curves for rayén-—

cotton-fabric phenolic laminate, 22, tested

s flatwise at 779F. Span-depth ratio 8:1.
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Figure 27.- Flexural stress-deflection curves for glass—
fabric laminate, AB2, tested flatwise at 77°F
Span-depth ratio 8:1.



ORI FGR169 (3 K 47)
Lamb, J. J.
Albrecht, I.

R-8-2-14
DIVISION: Materials (8)
SECTION: Plagtics (2)
CROSS REFERENCES: Plastic materials (71942); Materiels,
Lamineted (60600); Strength of materials (90750); REVISION
UTHOR(S) Plagtics - Testing (71962); *
AMER. TITLE: Tppact strength and flexural properties of laminated plastics at high and low

temperatures
FORG'N. TiTLE:

ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Weshinmgton, D.C.
TRANSLATION:

COUNTRY LANGUAGE ORG‘N.CMS u. S.CLASS.‘ DATE [PAGES| HLUS. FEATURES
U.s. I Eng. i Unclass. |jiup'46 58 ] otos, tables apha
ABSTRACY
Izod-impact atrength and flexural properties of uneaturated-polyester laminates rein-
forced with glass fabric end of phenolic laminates reinforced with esbestos fabriec, high-
strength paper, rayon or cotton fabric were determined at temperetures from -70° to 200°F,
Impact strength of specimens tested flatwise at 779F was 4-7 £t/1b per in. of notch for
all laminates, except those of glass fabric and rayon febric., Flexural strengths and
moduli of elasticity of ell materials increased with change in test temperature. At 200°F,
all materials, except esbestose fabric laminate, lost 30 to 40% of their flexural strength.

* Plastics - Phyalcal properties (71959.5)
NOTE: Requests for copies of this report must be addreseed to: N.A.C.A.,Washington,D.C.

T-2, HQ., AIR MATERIEL COMMAND Z-\lﬁ ﬁECHNlCAL HNDEX WRIGHT FIELD, OHIO, USAAF
RO MAR €7 T2




